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m 1 (Dyji^Kj^^^rtfzm i 

t Ktm i^ziiWi- ^ ^ 2 OffiiJM t ^ ^ L . 
mtm 2 OfflM li HulS#^^ <7)iiJ® t -ic L T ^ ^ t ?r i: 1" ^ 1 m5«o 

mtm%-^mmmi-tw-mm2<Dmi.t(Df^\zw.m.^fi. mtm.%mmii^mi-w 
mt^m 2 (Dum^w^ ^itfz=3y^ ^ vm^k^h i^z^m-r^ ^t^mm t-r^m^m 1 

o 

IW*:^ 6 1 

im^m 9 1 

[fgjj?:^ 1 0 ] 

Wo 

m^m 1 1 ] 

n> M^^tbUSEMi: LT<$ffl$^x-l.^3 0@B^^$ibti:a^1-'l,Ci:?-#i^t1-^m*]S 
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1 ^z$im<r>mmmmmo 
im^m 1 2 1 

im^m 1 3 1 

[If 1 4 1 

mu±mm ^ -t i;35-iti- ^ 55-^?f^tttc/N° _ ^ ^ mti^mm (omm<D-u ^ 
im^m 1 5 1 

/^^-:z.yif\^fzmm^y^him^^ Xmti^mm ^^^^--y^'-r^Zt^: WW: t -f 

17] 

1 ^ m:^^ h ^j: ^ y ^ ^ V ^ g e^-^fi^t^ff^^-T t 

^ ^ibizM,mi-^z t is^wt-r^m^m 1 4 i<ztim.<DmmimMm:<7)m^iv-t^o 
im^m 1 8 1 

[W*:^2 0] 

im^m2 1 1 

mr $i^m&mj] Wcmj-^f^-jiZLfzmz. 

mii^'j^ Y ^mti^mmmzy^^-~yyi-^j:mt^ 
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[0 0 0 1 1 
[0 0 0 2 1 

yyyi^T^^T.:^^^) (Magnet ic Random Access Memory : VXTM. R A M i: K&fe 
) 'lf|g<^)fSM#:t L-C?#,|g|tt#:<7)^g|fb:^|p]^fljffl L/C, fe^lf $R^PIB#, 

10 0 0 3 ] 

¥^fXf±MTO<7)4^i^^ 2 3iO'lt# " 1 " , "0 " tc-ett-rnittL.^-tirTtf 9 o 
[0 0 0 4 1 

[0 0 0 5] 
[0 0 0 6 1 

MR AMO^fg tM^O|fm#;^ffiv^/:it^##:^ ^ >J co«t^i: ^Jrbic-r-S (1) ^ 
^4">F»|&14T'^> ^ , i/: 1 0''!lJ':J.±<^#§^X75^'prt^-r-2b'5.^a:> (2) #m«ff^ 

ti}^aSm-X:'$)^Z (3) mi^«l*SO^ ^'J -t^HiJrb-^, tjtlt#fac^+-r ^itttTi^^S^v^ 
it, ^0^< OfiJ.i-.^^LTv^^o MR AMO#f5:M«^/c cO^aS, 

VN'- y -f ;i/ r/ > t: ^ - iJ' - <7)±|Ett^ * U '^OlSfflji^^^ $ tiT ^ o 
[0 0 0 7 ] 

(Tunnel Magneto-Resistance : I^TTM R^:^ t B&lE) ^^l-^T^S-ffl v^Tv^-g, (l^ijx. 

tS\ ^^#11^:5:^ 1 #B°o ) o :i<DTMRn^imirmj- (mTMTJ (Magnetic Tunnel 

Junction) m^tmi) it. ±tLxmm±mymmmymmm^^h^^z>3mmxmf& 
mnn<7)^mzitMLxm'itL. mmit^'EWn<Dm^izmiKm'^t^o ^jxtfN i f e 

/C o/A 1 2 O3 yC o/N i F e7&^'b>S:^ h > ^^J^^-kXii. 5 0 O e V^TOM 
^tijoV^T2 5%i:m^^m^mn.^it'^■/}^M.^^fz^i^Xl^^ (^iJAli\ 2 # 

) o MT J m^<7)mskt Lxii. mwmm<oixm^smt lx. -yf<Dm&]imzm 

o 

[^^#It:i:K 1 1 Roy Scheuerlein, et al., A 10ns Read and Write Non-Volatile 
Memory Array Using a Magnetic Tunnel Junction and FET Switch in each Ceil, 
[2000 ISSCC Digest of Technical PapersJ , (^m) , 2000^2^, p. 128-129 
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14¥^^WXM2] M Sato, et'al., Spin-Valve-Like Properties and Annealing Eff 
ect in Ferromagnetic Tunnel Junctions, flEEE Trans. Mag. J , i^M) , 1997^ 
, ^33#, mZ^, p. 3553-3555 

[^^#I^Zfci^3] M Sato, et al., Spin-Valve-Like Properties of Ferromagnetic 
Tunnel Junctions, Tjpn. J. Appl.Phys. J , 1997^, ^36^, Part 2, p. 200-201 

{fe-^^'XW.^ \ K Inomata, et al., Spin-dependent tunneling between a soft f 
erromagnetic layer and hard magnetic nano particles, fjpn. J. Appl. Phys. J , 1 
997#. ||36#, Part 2, p. 1380-1383 

[ 0 0 0 8 ] 

JiJ«±<7)J: 9 4^MT J ^^^MR AMtCj^.ffl L/cJ#^, ^^'j-t^Ki, m^^m^ 1 ^^iXf 

[15 8 \z7r^-r^mm^tti:z>o -ofo. ms iRvm 5 8 tc^-r i ^ mt j mi^ 1 9 

(i, 7 - Ki^ 1 0 ^y^e y h 2 3 F^<^ 7 - Ki^ 1 0 7 h ^ 2 3 O^.^JCfSM $ *i 

xv^^o -s-LT. MT J mi-i 9 <DTmKitT%^mm i smo^'^^^^i^ b 1 2 ^^lx 

[0 0 0 9] 

::<7)J; ^ 4^t^5^ti#ft^ J:'I>MR AMtl*3V>T. T^^J^^ 1 3 (i. MT J ^T" 1 9 
ay^irVl 20ffliJi]J: I9 ^>^iPJJi-e)i;tf-CfM$ix. MT J^T-1 ^RXfuy^^ Y 1 

> TM^ii^ 1 3 r^{±*/Mi° -7 -^^A. B-Ci^7t:tL-Cv^^o t^^oT. ^ixhmtUi)^h. 7 
- F^l OralOt: ,y^X' , X" '^\£ y Vl^2 Zf^(D\d y ^Y' , Y" ^PJT^(7)?^m\^J.± 

mA^-r^^titmmx^^tzo -e-tx. zcommn. -t)V(Dwmit:^^m^^fi^izi^'ox 

. ^ h^zmMt^j:-oX\^^fZo 
[0 0 10] 

[001 1 1 

^mma. musn^^ms^z-r^fzi^iiZiikT^ZT^-r^^'tm^'xy^^^o 

[00121 

mm 1 <D-nnhm-f^^w.2(7y-nmzm^^i^fz%2(r)W.m.h. mizm \ ikxim2(r:>w.m^ 
ohuIb^ 1 2 (Dt^'^:.(J:>^^^zt^m.^i^fzm%mm]^%^}:^. m%zm.%m-nM^^ 

o 

[0013] 

^mMom2<7)U<^jzx^mmimMW:<^m^iimii. mi<^m^m±iz^ ^mm. m 
%mmnw:m. miRirm2<D-7y^^m^}\mzjfm-t^j:mt^ mmm2(D-?7.^m'^m 
^mmi}^m^<7)m'f-jfmi<z/^ ^-^>^-r;bxmt. ^^^-=-y^\^ tz-m%^% 2<d-^7. 

y L tzmmm KD-^^^m ^m^^xmm&^mmjj^m^mtimi^fm^z^-^^- - > ^- l 
^ mmm%mi7inw:mT-iMj&ir ^.jimt . mB^mmi:-t)u^iz^-m-t^^^mm-mzy^ 

[0014] 

ll±mMLfzXo iz^§tmi^zxixi£. -t;i/Mm^li/M-'2) - <t75Wt^4^M^M^MS. 

[^mt:mm't^fztb(DM^<Dfm] 
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[0 0 15] 
[0 0 16] 

[0 0 17] 
[0 0 18] 

H 1 7!;^I1I4 tz^-t J: 9 tc, 1^ 1 c7)^Mf^«^lc>(^^mMf21t^M{±. T^^JS® 1 3 if 
10 0 19] 

i /c> 1 9 {±. 7 - 1 0 y b 2 3 7 - m 1 0 

y^y Mt2 3 cO^,iS;tC@BM$tt-Cv^^o ^ cOll^ffiiJiJiJ:^^^- 1 9 69±ffilC{i^2 0=7 > 
9 ^ V 2 2 ^^jYLX\£y Y^2 zm^^^i^. m%miiMm^ I 9 OTMtc(iTSr>#m 
m 1 3;S.(^"II 1 (7)3 >^ h 1 2 "k^YLXMO S h 7 > v^^^O^-f y-f^^i^'^T- (HI 

^-^1") i)mm.^ixx\^^:ho -g-LT. ii«j5L?*m*T- 1 9 m.%Wffm^m=^- \ 90 
[0020] 

i i-e. 0 1 on >^ ^ h 1 2 Tfis^Ji^ 1 3 Kmt)ix^ m.%m.m)i^m'^ 1 9 <r> 

mi-r-2)7- K^l 0r^t:\ tr -;/ h^2 3 OT:^tCiBM$ttTv^^o -eLT. ^ O 

^lon^^^ h 1 2 iffljoifii^?m?*m^T- 1 9 offlM t Kmm<Dmm t TU^mm 1 3 

10 0 2 1 ] 

^2<7)3>^i5' h 2 2 ti. ?gi^^fifu?**^T- 1 9<7)/^•^-->mo■r>^.^' t LXmm 

Lfz^k. ^<Dttn^^'tx:='y9i^ h t Lxmm'rz>o ^Kotzit. m2o^ ^ h 2 

V 2 2(D±mco—mii^y Vn^2 3 izmLXishir^ 1 5 ai}mf^^tiX\^^i>o 

[0 0 2 2] 

^^MTJ (Magnetic Tunnel Junction) ^^Xh^o tfz. MTJ^^-{i, ±|EO J: ^ 

^j: im<7) hy^-)\^i^^mi)^(^^j:^ iMv y ^-j^m^-m^x^^x i> j: 2m<D v y^- 
)\ym^mt-h^j:^ 2m.Y y ^-)\^m^m^x^^x i.^^o ^h\,z. mitwimmRxfrn^xt 

M<7)/i/^^< ti,--:H^t. m^nmtmm^mtm&'&.mti)-hti:i>3mm^xh<^xi, 
iv^o UT }mi-<DiXioV) m^\£. 2'ommi.mt:Lixhm.M.m^z^tfitzmw 

mti)^h^j:i> OMR (Giant Magneto Resistive) ^T-^ffl v^T ^ J: 
[0 0 2 3] 

mz7b^m2 4 !±. 4^§%mom i <7ymmwAzi^.;Bmmimmm<^m^T.m<7)m'mm^ 
T^-to y.Tt;> mi<Dmi^f^^WAzi^.;bmmiWMm<r>m^iv'i^i<z<::>\.^xtmir^o - 
zxii^ ^ 1 o^iiBi 1 1 m I <^=i y ^ ^ h 1 2 "^"7 - vm. (n^-ttr) )^^~?f^^$ 

[0 0 2 4] 
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LT. ^<7ym.%mKMi^m. 1 4 2 1 ikvf% 2 (d^^- v^t. ^15, 1 e ^mm 

[0 0 2 5] 
[0 0 2 6 1 

^v^T. 1II9S0^"IEI 1 0 ii^i-J: 9 ^2 K-^;^^^ 1 6 ^.fflv^T. ^ 1 O^n- 

^ 1 5 75^^ 7 f- > i^' $ 1 9 (Djf^^^^ 1 <7)^^- F'-^^ 1 5 

[0 0 2 7] 

-eof^. mi iRx/mi 2 i/ZTT^-f m2<D^^- k-^^?.^ 1 6-/)mM^ti^o 

[0 0 2 8] 

^tc. H 1 3RZfm 1 4 ti^i-ct 9 t^. ^1 K-7X^ 1 5 ^fflv^-C^^ffira:^ 

Hi 1 4 y ^yV^ ti, 1 4 75^~igi^ffii5t'/:i):^^T- 1 9 <DMmz^< ^ - - 

10 0 2 9] 

-j^tis HI 1 5 Rum 1 6 i^zTj^-rx 0 \z^ TU^mm i ^Rvm i <7)/^- k-^;^ ^ i ^ ±. 

[zy ^ V \yV'^Y 7 Oti^m.yl^^ft. pJxMoM'^titZ/^^ --y ^'^ft^o ^oythu-y:^ 

7 0 -C-S^:>^x-f t^^dti LTv^^o 
[0 0 3 0] 

^tc, m 1 7:&?/III 1 8 tCi^-fct 9 tc, 7 M^v;^ h 7 0 ^fflv^-CTglS^Se 1 3 ifi 

1 5 a ^mj&^tl^o torn. WT. h 7 O {±^*$^X^o 

[0 0 3 1 ] 

1^, 7* h Ixv^ h 7 0 (i?IIMJ£tn:5c&:f:m 1 4 ^^^^I^;SSLTv>4-v^75^ 5ll^ffii5t?* 
^Ml 4_htC(i^ 1 (7)/^- Kvy;^ 1 5/^^'#«i-^/tA6. ^ > i^^fi^gi^^g^^:^:!! 1 
4 t-eii=ff L4"V^o ^ix^%m.-fhfz^\z\t. -ftl^mmi 3<ry:^y^yfn\z'^\<r^^^ 
- y-^T.^ 1 'bif^^^\z:i-y^y ^-^Kta^j^X 9 tc, TgP^MH 1 3 h% 1 K-t^ 

1 5 ti{±. Mo, W, T a 5^ t'o;ftil!,6;^^#^75^^ig LTi3 19 , T^^S^ 1 3 tcti 

. Mo, W, T2.t^:}^\z)^c^X:!-y^yyy-\■h^^-\^'?l, Ir, R u 4- <h-^c7)^^^, 
X(±T i N, T a Nt-<h-^2»lli'4#^MfttJ75^^iiL-Cv^^o TSB^Jl^ 1 3 i l9 ^> 

II 1 (O/N- ^ 1 5 < -rntifJ; v^o 
[0 0 3 2] 

m 1 9;5io^'[ii2 0 tz^i-j: ^ II 1 o^^tMi 1 . T^^mM 1 3;5.c/^ i o 

yN-Kv;^^l 5±t3||2<7)i^#t)!i2 1 T^-'ff^ $ ti o 
[0 0 3 3] 

1112 i;S.D^"[112 2 J: ^ tz, ft^^Mfiff^-^ (Chemical Mechanical Polish 

; mrCMP tffl&IE) ^ :t > ^ -7 (Reactive Ion Etching ; J^:JITR I E t 

B&f5)^fflv^T. m O/N- K-^v^^:^ 1 5{33ti-^^T\^2<7)^^im2 1 <7)^M;^^~¥tB 
\t^ix^o i^xtiJ: 19 > ^1<7)/N- K-^^^' 1 b'b^hti:^%2(D^y ^ ^ h2 2 O^M^i^' 

[0 0 3 4] 

i^a^ ISl<7)^^- Kv>?>i^ 1 5<7)±Mtc{±^Mtl5 1 5 a7!)^^#ft1-'2)75^ mco^N-K-r>^ 
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[0 0 3 5] 

^IC. 13 2 3S.y^BI2 4 J: ^ tc. ^2 >^ h 2 2RV'm2 <Dm^m2 1 ± 

tClf •;/ h^2 Sijm&^iri^o 
[0 0 3 6] 

jiie^ 1 tL(s\ rm^mm 1 3 1 9 coj^at^^i^^ 

t'-7f-A-ei^ofjt#^, 11^1-^7- K^i o<7)bf -yf-x 1 t^fej^otf -y^x' J; 19 ^ 

[0 0 3 71 

tiff 4' ii'lw i o T?^t ^ 5 - -r A -7 JL-^^ - Ht-f X-C'ib *9x C:<7)^^-rAv'j3.-f-^- 

<^ 11 y ^ A {± , Tgi5#Ji^ 1 3 Rx/m^m.ijim^mi' 1 9 o g e^-a-^FM 19 ^ t -l. 7t 

^ j:ivA7^-^^--9-^Xj; i/jN$ < 1" -I. C <h 7&^'T i ^ o t^^oT. mi<^MMM 
[ 0 0 3 8 ] 

o 

[ 0 0 3 9 ] 

tfz. mi O/N- l^-Ty^.^ 1 5 ^MBi-C-fM-r-i.- <!:-err :^ ^ ^ h 2 2 t LT^f^^ 

CD J: 9 'S^ 7 :n y^->;^i:'77\ 5^M»tM. ®^f^?7fe?#-'5r t'O^^^-eP^^Lt^t 

n(S^4^f>>Srv>o -tLti^+L. m 1 <^nMf^^W.-^^ii. ■^T.^U 1 c7)/^- 1 5) 

n -b 7> if^^ t 4^ o 
[ 0 0 4 0 ] 

^fz. mmmm^n^i 9(T^nm-h^h\t^^\^tzyn^mmi 3<^fi*t^«'b-r- ^ 
t^xhho mz. i%%mm^%^i 9(DmjAYMW^m-n^\zii\^:^^%\,zi6\^x. 

mm 1 3(Dli^iiiLmMi:-m'J^^^^^ZtizX'oX. ±fe^i]*^J: ^mW^^^Zti)^X 
[0 0 4 1 ] 

1^. mi(DmmMWJzis^-^x. m2 si^zm-rx^^z. m%mmj]W:mi^i 9fi. m^m 

o Z(Dm^. \d-y h 7^2 3 (Dm^l7\ail^zio^f^\£y^Aim4^X^^fzifXfj:<^ 7-F 
1^1 0<7)®^:^|S]Hiolt^tfy^B<)li/J^T-§'S)o 
[0 0 4 2] 
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#SI 2 0 0 3 - 3 8 1 5 0 6 ^- v I 6/ 

[0 0 4 3] 

112 6 (i, :$:|§B^0^2 (7)^M?f;^i-J^'f^^?il^fEm^^OSlfMI11^7i^1-o (12 7i±, ^ 
|§0go|p2O^JSf^«JJ;'ff?^Tfr^#^)iO^MIl^^L, ^^Tli\£y h^.RrfU- Vm 
^##0/ca6tc^1-o [gl2 8(i, 112 6 cOXXVIII-XXVIII^faifdo f^|g|^fS'lt^MOifM 
m^^-To 112 9i±, *l&H^O»2 0^Mff^«JJ^^^'&M^K1t^m<7)MMl«I^^1-o 
[0 0 4 4] 

112 67!jMIII2 9 i 9 ^ 2 co^^m^tc j^^a^ie'lS^Mti, » 1 O^Jfiif^ 

c J: 9 (^Tgp^Jis 1 3 ^?f^^ L. :i(Dru±mm 1 3 oif^onm^a^^tn:?***?- 

1 9 cofflMt — i^$-*Tv>^o TM^MS 1 3 '7)7- K^. 1 0O±;^UiDlt^ 

9 {±. m%mmj}^m=?- 1 9 'Dm^im^mui^:^'^ y v^z 3 oMft^isjicip] < i ^ 

[0 0 4 51 
[0 0 4 61 

^r^^^o ^(Dfzib. 7- Knt 1 o^o^^^:^^6]^;io^t^l^^f1■'i)Tfl5^^^ 1 3 r^i^ft/h 

y^y^BX^-Dtzm^. \£y Y'^2 3(D\£y^Y 2^. Vt^(D\dy^Y" J: ^^/h-r-2> 
:iti)'^X ^^ ([12 6#0.s) o Z.(DX.^\Z^ m 2 (D^mmWA^ X rnt\ 7-K#tl0O5£ 
ft:^fS]tc:fctt^Tf|5#Jie 1 3<7)M«^i|/h-r^Ci:75^-e§i^^>:i6, -t JlMm^m^hir ^ 
Z t i)^X ^ h o 
[0 0 4 71 

[0 0 4 8 1 

1^, ^ 2 O^iSm^tcjoV^T. H 3 2 (CTi^-r ct 9 II, a^Jm?:lJ*^T- 1 9 (±. Mte 

o ^ 2 3 <7)M^:^|6] tcis tt -2. A ^li/M- ^ t ji/^^-e i o 

[ 0 0 4 9 1 

i/i, US 3 tc^l-ct 9 7- K^. 1 0 cO^^:^[p]tci3V^-ClWf?^9 T^I5^Se 1 3 
•A, 1 3 B^^T t LT#x.7t:t#^> -:^<7)Tg|5#Jl^ 1 3 A tzistt ^'Hfe^^OTSP^^)! 

BtCjStt^-^'jOTgl^^^© 1 3 BfflOffliJM^m^«t^5fA*^^=- 1 9 OlfliJMt— Jt^-tirT 
^J:v>o ClOJ^-^. 112 e^ltitcfc i) ^) k: y f-B^^/ht: #^o 
[0 0 5 01 

ifc. 113 4 tc^-r J: 9 tc, 113 3<7)ffi^=^^i:tc, a^«t/L?**^T- 1 9 ^ , lii^® 
9 (T^JH-fbE^a^^lpJ^^^-e-y hnt2 3 co^^^:^[pItC[pl< J; 9 tcMLT^) ctv^ 
o -Oit^, -7 h^2 3 0M^:^|p]tCi3tt^li -;'^A^^/hi--2)^<!;75^t:^^^o 
[0 0 5 1 1 

{.% 3 (ommfm] 
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[ 0 0 5 2 ] 

fo m3 7a. m3 5 oixxvu-imiimzr^-ofzmmim'^m<^mmmi:7r^iro mas 

[ 0 0 5 3 ] 

2 (ommifm, tm^j:^.^ji. ru^mm 1 3 (t^^m ^igi^ffitrt^^^^T- 1 9 o 4 ip.ijm t - 

2 (Dmmm t mm. r^^^mm 1 3 (Dmm(^-wm.%m}0mmi- 1 9 coium t 

[ 0 0 5 4 ] 

^ 3 (DmmmK^^hm.%MmMm.a. n 3 9 4 o kz^-rui;^ h 7 0 

[0 0 5 5 ] 

kT-y^B, CTl^o/ilt'^. h^^2 3<Dl£y^Y 3i. t^^O if ^ Y" i 19 ^> If/h 

1- ^ c 1 7!)^-^- § ^ ([113 5#Bs) o z^xviz. m3 (Dm^mp^jzxM. 7- K#t lo 

(7)M^£:^[t|ici5tt'5>TfP^Jg® 1 3<Dmm'km4^1ri> :z ti}^x^ ^fztb. -^)imm^m4^ 
-r^^t i)^X # ^ o 
10 0 5 61 

[0 0 5 7] 

mJiWcmi^i 9(Dmitmmmyj\^i)^^''y h^.2 3'Dm^yf\^Km< xoKnmLxi>x\^^ 

0 ^<^m^. \£y h^2 3(Dm^1j\a]iZiin^\^y^A'l:m4^-r^<Zt-fy^X^^o 

[0 0 5 8] 

tf^. [14 2 tc^f J: 9 7- K^l 0(7)®;&:^[p]tC:fev^-Clpi9^9Ta5^Jl@ 1 3 

A, 1 3 B^^Tt LX^^fzm^. -yj<DTU^mm 1 3 Aici3tt^='>^^' h 1 2 ^ 
m^WTf|S#^)l 1 3 BtiiScJltTKML. ltii:^c7)Ta5#mS 1 3 Btci3tt^^>^^ h 

1 2 ^— ;^OTg|S#gJi 1 3 AtiS^'ttTMLT ^ ctv^o IIi3 50«iiJ:i9 

[0 0 5 9] 

^/j. III4 3 tCTFf i ^ III4 2 ^) i;. m^jm???;*^^^ 1 9 

mii^m^i 9mM\Lmmm^\^i^^^y v'^.2 3<D-^^-}i\^\z\o\i x^\>z^m\^xi,x\^^ 

[0 0 6 0] 
[0 0 6 1 1 

[14 4 4 9 (±. :^^m(om 4 o^M?f^^i::'^'SM^ie'it^§<7)^itxfso®fM[i 
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[0 0 6 2 ] 
[0 0 6 3 ] 

^tc. III4 4;sa^'[i4 5tc^-rj:9t^> m%mm^m=Fi 9 <t 9 
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